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Abstract 
This paper presents three sets of full-scale experiments aimed at the evaluation of the long-term behaviour of 
composite steel concrete beams designed with partial shear connection formed by a steel joist and a solid or 
composite concrete slab. All specimens were designed in accordance with Australian guidelines. In the first set of 
experiments three full scale simply-supported composite beams with solid concrete slabs having identical spans and 
cross sections were prepared and tested. The three beams were cast simultaneously in order to enable comparisons 
with respect to pouring and loading conditions. The second set of experiments was similar to the first one while using 
a composite slab instead of a solid one. The third set included the long-term testing of a two span continuous 
composite beam. A web side plate connection was placed at the internal support to reflect typical Australian detailing 
practice of flooring systems in which such a joint is usually adopted between secondary and primary beams. For this 
purpose, the supported solid concrete slab was continuous over the connection. The sustained load was applied by 
means of concrete blocks placed along the whole member length. The long-term response of these composite 
members was monitored by measuring the changes in deflections, curvature, strain and slip occurring over time. For 
each set of experiment, standard tests were carried out on concrete, steel and shear connectors to determine their 
material properties. 
© 2011 Published by Elsevier Ltd.  
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Composite steel concrete beams, in which a composite slab is connected to a steel joist by headed 
shear connectors welded to the top flange of the joist, represent an economical structural solution for 
building and bridge applications. Modern design guidelines favour partial shear connection design, in 
which the shear connector is the critical component of the cross-section, and it tends to produce design 
solutions in which serviceability is often the governing limit state in composite floor systems, either due 
to excessive total or incremental deflections, or due to undesired dynamic responses. This paper is 
concerned with the case in which serviceability limit state governs the design due to excessive deflections, 
which occur due to creep and shrinkage of the concrete. 
Despite the extensive analytical and numerical work carried out in the last two decades on the 
long-term behaviour of composite members, very limited benchmark experimental data is currently 
available in the literature, e.g. (Alsamsam 1991; Bradford and Gilbert 1991; Johnson 1987; Roll 1971; 
Wright et al. 1992 and Jiansheng et al. 2010). This paper presents additional experimental measurements 
required for the benchmarking of analytical and numerical techniques. These consist of three sets of 
full-scale experiments aimed at the evaluation of the long-term behaviour of composite steel concrete 
beams designed with partial shear connection formed by a steel joist and a solid or composite concrete 
slab. For each set of experiments, standard tests were carried out on concrete, steel and shear connectors 
to determine their material properties. The time-dependent behaviour of the concrete was evaluated 
measuring the deformation of cylinders subjected to a sustained constant load and to shrinkage.  
2. DESIGN OF THE TEST SPECIMENS 
The long-term behaviour of the composite beam is influenced by the relative axial and flexural 
stiffness of the steel joist and concrete slab. In order to obtain measurements representative of the 
structural response of composite elements used in practice, an extensive parametric study was carried out 
considering typical Australian composite floor systems to determine steel sections and slab dimensions to 
be used for the specimens. The design was carried out in accordance with Australian guidelines 
(AS2327.1 2003). The selected cross-section is representative of typical 8 m long secondary beams 
spaced at 2.8 m with a slab thickness of 125 mm. A 310UB40 Australian standard open section was used 
for the steel joist. 19 mm diameter headed studs were installed with a height of 95mm after installation. 
Australian N12 reinforcements at 200 mm spacing were placed with a cover of 25 mm. The detailing 
adopted reflects common Australian practice. 
3. SYMPLY-SUPPORTED COMPOSITE BEAM WITH SOLID CONCRETE SLAB 
3.1. Test specimens and testing procedure 
Three identical simply-supported composite beams were prepared and tested as part of this 
experimental programme. These specimens are referred throughout this paper as CB1, CB2 and CB3 
respectively. These beams were designed with a degree of partial shear connection of 0.5. The details of 
the cross section and beam layout are shown in Figure 1.
A new casting arrangement was developed as part of this study with the scope of isolating the effects 
of creep and shrinkage in the long-term beam tests. CB1 and CB2 were cast using un-propped 
construction to ensure the self-weight of the joist (0.4 kN/m) and slab (6 kN/m) to be carried by the steel 
alone, therefore enabling the hardened concrete to be subjected to shrinkage only. With this approach it 
was assumed that no creep developed in the concrete slab due to the self-weight of the composite beam.  
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(a) cross section                                                  (b) beam layout 
Figure 1: Details of the cross-section and of the beam layout for CB1, CB2 and CB3. 
CB1 was kept unloaded for the whole duration of the long-term experiments to measure the effects of 
shrinkage. At 29 days after the concrete pour, a sustained external load, equivalent to 13.4 kN/m, was 
applied to CB2 by placing concrete blocks on the slab of the specimen. Consequently, its long-term 
behaviour was affected by shrinkage and by creep due to the sustained external load. CB3 was poured 
under propped conditions. The props were removed just before applying the external sustained load 
(identical to CB2) at 29 days. In the case of CB3, the self-weight and the external sustained load were 
resisted by the whole composite member.  
The external sustained load was applied using twelve 1200 mm u 1200 mm u 280 mm concrete blocks 
arranged in four groups (Figure 2a). The supporting frame of each group of blocks had four legs, 
producing a total of 16 point loads over the whole member length, representative of a uniformly 
distributed load (Figure 2b). 
The long-term behaviour of these beams was monitored by measuring deflection, strains and slip over 
time.  
concrete blocks 
supporting 
frame of the 
concrete blocks 
 (a) load applied using concrete blocks                    (b) resulting load pattern 
Figure 2: Application of the sustained load. 
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Figure 3: Measured long-term behaviour of beams CB1, CB2 & CB3 
3.2. Results 
The mid-span total deflections measured over time for the three beams are shown in Figure 3a. These 
readings included the instantaneous, the creep and shrinkage components. The deflections for CB1 and 
CB2 measured at the time of pouring were nearly identical and represent the deformation due to the 
self-weight of the steel beam and of the wet concrete just after casting. At 29 days from casting, the 
instantaneous deflections measured for CB2 and CB3 were 15.14 mm and 22.94 mm, respectively. The 
difference in these value was due to the fact that CB2 was subjected to the external sustained load (13.4 
kN/m) while CB3 supported both its full self-weight and the external sustained load (19.8 kN/m). Despite 
the fact that the concrete component of CB3 was more heavily loaded than the one of CB2, the actual 
creep deflection coefficients, calculated as the ratio of the creep deflection vc over the instantaneous one 
vi, were nearly identical, highlighting the validity of the linear creep assumptions in this case (Figure 3b). 
As constructed under unpropped conditions the deflection recorded for beam CB1 was assumed to be 
representative of shrinkage effects only. 
4. SYMPLY SUPPORTED COMPOSITE BEAM WITH COMPOSITE SLAB 
4.1. Test specimens testing procedure 
As part of the experimental program two full scale simply-supported composite beams with composite 
slab were prepared and tested. The two beams have been referred to as CSB1 and CSB2 respectively. 
Both beams had same span length, cross-section, materials and shear connection. Details of the 
cross-section are shown in Figure 4a. The steel deck used consists of the Stramit Condeck HP® (Stramit 
building products 2010) profile 1 mm thick (Figure 4b). The ribs of the steel deck were perpendicular to 
the steel joist. Welding one shear connector per trough resulted in a degree of partial shear connection of 
0.79 (Figure 4c).
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   (a) beam cross-section                                                     (b) steel deck  
(c) arrangement of the shear connectors 
Figure 4: Details of the cross-section, steel deck and beam layout for CSB1 and CSB2 
Both CSB1 and CSB2 were cast unpropped and, because of this, the self-weight of the slab was carries 
by the steel joist. CSB1 was kept unloaded for the whole duration of the long-term experiments to 
measure the effects of shrinkage. At 27 days after the concrete pour, a sustained external load, equivalent 
to 8.94 kN/m, was applied to CSB2 by placing concrete blocks on the slab of the specimen. Consequently, 
its long-term behaviour was affected by shrinkage and by creep due to the sustained external load. The 
external sustained load was applied using eight concrete blocks using the same arrangement depicted 
in Figure 2. The long-term behaviour of these beams was monitored by measuring deflection, strains and 
slip over time. 
4.2. Results 
The mid-span total deflections of the two beams measured over time are shown in Figure 5a. These 
readings include the instantaneous, the creep and shrinkage components. The deflections measured at the 
time of pouring represent the deformation due to the self-weight of the steel beam and of the wet concrete 
just after casting. The increase in deflection over time in both beams after concrete casting was due to 
concrete shrinkage. At 27 days from casting, the instantaneous deflection produced by the application of 
the sustained superimposed load on CSB2 was 7.95 mm. By that time the concrete slab had already 
hardened, so the beam acted compositely. After the application of the sustained superimposed load, the 
changes in deflection of CSB2 over time were caused by both concrete creep and shrinkage. The 
deflections recorded for beam CSB1 are assumed to be representative of shrinkage effects only as this 
specimen was cast unpropped and kept unloaded for the whole duration of the long-term test. The 
time-dependent deflections of the two beams after day 27 (time of loading of CSB2) are shown in Figure
5b. The higher long-term deflection of CSB2 compared to the one of CSB1 was due to creep caused by 
sustained superimposed load. 
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Figure 5: Measured long-term behaviour of beams CSB1 & CSB2 
5. CONTINUOUS COMPOSITE BEAM WITH COMPOSITE CONNECTION 
5.1. Test specimen and test setup 
The third set of tests consisted of a long-term full-scale experiment on a 16m two-span continuous 
beam referred to as CCB1. A composite connection was placed at the internal support and the specimen 
was prepared using propped construction. The adopted connection intended to simulate the case in which 
two secondary beams (i.e. the two spans of the continuous sample) were connected to a primary beam 
with a web side plate connection. In this arrangement the solid concrete slab was continuous over the two 
connections. The beam was designed with a degree of shear connection of 0.5. The cross section of the 
specimen was exactly the same of the one used in the first set of experiments as shown in Figure 1a. The 
details of the beam layout, support condition and shear connector arrangements are shown in Figure 6a.
The details of the composite connection are shown in Figure 6b. After 29 days of concrete pouring the 
props were removed and the beam was loaded with a sustained superimposed load of 4.4kN/m. Four 
concrete blocks in each span were used for sustained load and the same procedure of loading as illustrated 
in Figure 2. Load cells were placed under all three supports to measure the support reaction and to 
monitor their changes over time. 
5.2. Results 
The long-term response of this beam was observed by monitoring the changes in deflections, curvature, 
strain and slip over time. Once the props of the continuous beam are removed, the beam deflected due to 
its self-weight. A superimposed sustained load was then applied to represent approx. 40% of the live load 
assumed for the floor system considered. Reactions of the three supports were measured by means of load 
cells. Based on the known applied load and the measured support reactions the bending moment diagram 
of the beam is plotted in Figure 7a. The concrete at the middle support cracked after the application of the 
superimposed load, therefore reducing the rigidity of the member in its hogging moment region.  
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Figure 6: Details of the two span continuous composite beam with composite connection 
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Figure 7: (a) Bending moment diagram of CCB1 under different loading conditions, (b) Total deflection at the mid span of both 
spans of CCB1 at various times  
The results of the two mid-span instantaneous deflections are very similar, confirming the symmetric 
behaviour of both spans (Figure 7b). The time-dependent deflections observed for the continuous 
configuration are considerable when compared with the instantaneous deflection, partly due to the 
moderate cracking occurred over the internal support.  
6. CONCLUSIONS 
This paper describes the details of an experimental programme intended for systematic investigation of 
the long-term behaviour of composite steel concrete beams. Total three sets of full scale experiments are 
reported along with some results collected during the experiments. The cross sections used for the test 
specimens were designed and detailed according to current Australian standards and common practices. 
Therefore the experimental results provide realistic long-term response of a typical composite beam 
commonly used in building constructions. All experiments showed considerable increase in beam 
deflection over time due to concrete creep and shrinkage. In two sets of experiments (first two) attempt 
has been made to investigate the effect of shrinkage and creep separately. In each set of experiments all 
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the relevant material properties (both short- and long-term) were experimentally measured. So the results 
obtained from these experiments provide invaluable benchmark data for validating analytical and 
numerical models.           
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